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7.2. SEPARATE AND COMBINED EFFECTS OF TRAMPLING AND SOIL 
COMPACTION ON ROOT PATTERNS, ROOT BIOMASS, AND SEED PRODUCTION 
OF FOUR P L A N T A G O  SPECIES IN EXPERIMENTAL PLOTS
[C .W .P .M .  Blom]
Introduction and m ethods
In add i t ion  to the study on the influence o f  t ram pling  and  soil com paction  
on the germ ina t ion ,  seedling emergence, and  seedling establishment o f  
Plant ago lanceolata L.,  P. coronopus  L.,  P. m ajor  L. ssp. m ajor  and 
P. media  L. (Blom 1976, 1977, 1978a), experiments were perfo rm ed  to 
investigate the effects o f  these two environm enta l  factors on the reaction of  
full-grown plants .  The influence o f  com pac t ion  separately and o f  trampling 
and  com pac t ion  in com bina t ion  on the diameters  o f  the rosettes o f  these 
species has been described in a previous paper  (Progress Report 1977). 
A ddit ional  da ta  will be presented in this report .
The s tudy was perfo rm ed  on three series o f  experimental  plots in which 
seedlings o f  the four Plantago  species were p lanted in rows in April 1976 
(distance between the plants: 15 cm). T he  sandly soil o f  the various plots 
was artificially com pacted  such tha t ,  up to a depth  o f  1 metre, a 
m odera te ly  and  a strongly com pacted  substra te  was created in two series. 
For purposes o f  com par ison ,  a loose soil was used in one series o f  plots. 
T ram pling  was carried out  with a t ram pling  machine  (see Progress Report 
1977). T o  study the effects o f 'c o m p a c t io n  alone and o f  com pact ion  and 
tram pling  in com bina t ion ,  the individual plants o f  the four species growing 
in one ha lf  o f  each plot were t ram pled .  The following trea tm ents  were 
applied: light t ram pling  (once a day) on the loose soils, m odera te  trampling 
(three times a day) on the m odera te ly  com pacted  soils, and  heavy trampling 
(six times a day) on the strongly com pacted  substrates .
To  investigate the effects o f  the various trea tm ents  on the development o f  
the roo t  systems, in three o f  the plots (A 3, B3, and C 3; see Progress Report 
1977) the roo t ing  pat terns  and the b iomass d is tr ibution in three successive 
soil layers were de term ined  in Septem ber 1977.
The rooting  pa t te rns  were de term ined  by m eans o f  the ‘p in b o a rd ’ m ethod  
(see S ch u u rm an  and G oedew aagen  1965). For these m easurem ents ,  boards  
covered with steel pins at a dis tance o f  2.5 cm were used. The length o f  the 
pins was 10 cm. The two-dim ensional  co n to u r  o f  the root system o f  each 
plant was determined by counting  the num bers  o f  pins covered by its roots. 
In this way the size o f  the root system o f  each individual plant was 
determined.  For the de te rm ina t ion  o f  b iomass,  the plants were dried at 
70°C for 24 hours .  To  get an impression o f  the d is tr ibution in the soil, the 
roots  o f  each plant were harvested in three successive soil layers 
(0 -1 2 .5  cm, 12 .5 -25  cm, and 2 5 -3 7 .5  cm).
In add i t ion  to the m easurem ents  o f  the diameters  o f  the rosettes (Progress 
Report  1977) in 1977 the num bers  o f  spikes o f  the plants  growing in plots 
Aj, Bj. and  C 1 were de term ined .  Samples were taken to determine the 
num bers  of  seed per spike, from which the num bers  o f  seeds per plant were 
calculated.
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The trampling experiments  on the remaining plots will be continued  until at 
least the end o f  1979.
Results
Rooting patterns
The shape o f  the root systems o f  the four Plantago  species in the six 
trea tm ents  is indicated by the outlines in Fig. 7.2.1. For all species studied, 
the largest root systems occurred in the un tram pled  loose soils. In these 
substrates  intermingling o f  the roots  o f  P. m ajor  ssp. m ajor  and 
P. lanceolata was found (see P h o to  7.2.1.).  Increasing com pact ion  reduced 
the length of  the root systems o f  all species. The differences in root-system 
length between the loose and the strongly com pacted  soils were the largest 
for P. lanceolata. The root systems o f  P. m ajor  and P. media  in the 
moderate ly  com pacted  soils were relatively short .
C om par ison  between the un tram pled  and tram pled  series within each plots 
shows that t ram pling  also reduced the root systems o f  all species. It is 
rem arkab le  that even a light t ram pling  regime on the loose soils caused a 
p ronounced  reduction in the size o f  the root systems o f  P. media  and  
P. lanceolata (m easurem ent o f  the surfaces o f  the root systems as drawn in 
Fig. 7.2.1. ,  NC and LT, dem ons tra ted  a reduction  o f  48%  in LT for 
P. media  and 37%  for P. lanceolata). A smaller reduction was found  for 
P. coronopus  (13%) and P. m ajor  (9%). C o m p a re d  with the un tram pled ,  
strongly com pacted  soils, a heavy trampling  regime caused the strongest 
reduction in the size o f  the root systems o f  P. media  (70%), followed by 
P. m ajor  (56%). The reduction was smaller for P. lanceolata (35%) and 
P. coronopus  (31%). The com bined  effects o f  t ram pling  and com pact ion  
on root e longation can be seen by com par ing  the rooting patterns  in the 
un tram pled  loose soils and  those in the heavily t ram pled  plots with the 
strongly com pacted  soil. Large effects o f  t ram pling  with com pac t ion  on the 
root size were found for P. media  (reduction 87%), P. m ajor  (80% ), and 
P. lanceolata (70%) and relatively small effects were observed for 
P. coronopus  (41%).
Root Liomass
The dis tr ibution o f  the biomass o f  the roots  within three successive soil 
layers is given in Fig. 7.2.2. As could be expected, the largest b iomass 
values were found in the upper  12.5 cm o f  the soil, but there were 
considerable  differences between the species and  between the trea tm ents .
For all species increasing com pac t ion  o f  the soil was associated with a 
decrease in biomass in the lower soil layers.
With a light t ram pling  regime, the biomass o f  the roots  o f  P. lanceolata 
decreased strongly in each soil layer (Fig. 7 .2 .2 . ,  see NC and LT). The  
o ther  species did not show any im por tan t  effect o f  light t rampling  on the 
b iomass d is tr ibution  in the soil. C o m p a re d  with the un tram pled ,  strongly
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com pacted  series, a heavy trampling  regime caused a reduction in the 
biomass o f  the roots  o f  all species; in each soil layer the reduction was 
greatest for P. lanceolata,, followed by P. media  (Fig. 7 .2.2. ,  see SC and 
HT).
To give an impression o f  the functioning o f  the root systems o f  the four 
Plamago  species at the various degrees o f  com pact ion  and  trampling,  the 
shoo t- roo t  ratios are presented in Table  7.2.1. A light t rampling  regime 
caused an increase in the shoo t- roo t  ratio o f  P. lanceolata and  P. major  
(see NC and LT). For P. lanceolata this increase was due mainly to the 
considerable  decrease in total root biomass (72%); the reduction in shoot 
biomass o f  P. lanceolata was smaller (60%). Light t ram pling  led to a 
relatively small reduction in the root biomass ofP .  m ajor  (23%), but the 
shoot b iomass increased by 35% . A heavy tram pling  regime considerably 
increase the shoo t- roo t  ratio o f  P. m ajor  and less so that  o f  P. coronopus  
(Table 7.2.1. ,  see SC and FIT). Due to heavy trampling  a decrease in root 
b iomass (43%) but an increase in shoot biomass (24%) was observed for 
P. major. C o m p a re d  with the un tram pled ,  strongly com pacted  soil, a 
heavy tram pling  regime caused a higher reduction in biomass o f  the roots 
o f  P. coronopus  (36%) than  in the biomass o f  the shoots  (7%). The  data  
in Table  7.2.1. suggest that  in the heavily t ram pled  series the root stystems 
o f  P. m ajor  and  P. coronopus  were relatively more  efficient: a higher 
shoot biomass being sustained by a lower root biomass.
Table 7.2.1. Shoot-root ratio of four Plantago species at various degrees
of soil compaction and trampling
NC LT s e HT
p. lanceolata 0.5 0.7 0.7 0.7
p. coronopus 0.7 0.7 0.5 0.8
p. major ssp. major 0.4 0.7 0.4 1 .0
p. media 0.4 0.4 0.4 0.5
NC = loose soil LT = lightly trampled
s c = strongly compacted soil HT = heavily trampled
Seed p roduc t ion
The mean num bers  o f  spikes p roduced  per plant in the various plots are 
given in Fig. 7.2.3. For P. coronopus  and P. m ajor  p lants,  the num bers  o f  
spikes p roduced  in the tram pled  series are significantly higher than  those in 
the equivalent un tram pled  series. A high num ber  o f  spikes was also found 
for P. lanceolata in the lightly t ram pled  series. For both  P. lanceolata and 
P. coronopus , increasing com pac t ion  (Fig. 7 .2 .3 . ,  see L, M , and S o f  the 
un tram pled  series) as well as increasing t ram pling  (Fig. 7 .2 .3 . ,  L, M, and S 
o f  the tram pled  series) caused a considerable  decrease in the num bers  o f  
spikes. The effects o f  t ram pling  on the num bers  o f  spikes o f  P. lanceolata
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Fig. 7.2.1. Rooting  pa t te rns  o f  four  Plantago  species at various degrees o f  
soil com pac t ion  and  t ram pling  regimes. The  con tou rs  o f  the root  systems 
were ob ta ined  by m easuring  o f  the width o f  the systems at d ifferent  depths  
For each soil layer the mean width and S.E. (distance between dots) are 
given.
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P h o to  7.2.1a. Root systems o f  four Plantago  species growing in the loose 
(NC), m oderate ly  com pac ted  (MC), and  strongly com pacted  soils (SC) o f  
the experimental  plots. In each p h o to g rap h  the o rder  o f  the species from 
the left to the right is P. major, P. media , P. coronopus, P. m ajor ,
P. lanceolata and  P. m edia .
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P h o to  7.2 .1b. Root systems o f  four  Plantcigo species growing in the lightly 
(LT), m odera te ly  (MT), and heavily t ram pled  plots (HT).  In each 
p h o to g ra p h  the o rder  o f  the species from the left to the right is P. m ajor , 
P. media , P. coronopus, P. m ajor , P. lanceolata , and  P. media.
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Fig. 7.2.2. M ean  values o f  the root  
(vertical bars indicate  2 x  S.E.)
NC =  loose soil
M C  = m odera te ly  com pac ted  soil 
SC =  strongly com pac ted  soil
biomass in three successive soil layers
LT = lightly t ram pled  
M T  =  m odera te ly  t ram pled  
FIT =  heavily t ram pled
dry weight (g)
soil layers (cm)
= 0-12.5 
= 12.5-25 
= 25-375
Plantago lanceolata
Plantago media
Plantago coronopus
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Fig. 7.2.3.  M ean  num bers  o f  spikes per plant p roduced  at various degrees 
o f  soil com pac t ion  and  t ram pling  
(vertical bars indicate 2 x  S .E.)
seem to be m ore  p ro n o u n ced  than  the effects o f  com pac t ion  alone. At 
increasing t ram pling  no negative effects in the num bers  o f  spikes o f  
P. m ajor  were observed; the m ost  spikes per plant were found  on the 
m odera te ly  t ram pled  plots. P. media  p roduced  few spikes in all t rea tm ents .  
The  m ean  num bers  o f  seeds p roduced  per species in the various plots are 
given in Fig. 7.2.4. W ith  the exception o f  P. m ajor  p lants  on the loose 
soils, the m ean  num bers  o f  p roduced  seeds o f  all species were significantly 
lower in all t ram pled  plots than  in the equivalent u n t ram p led  plots. The  
decrease in seed p rod u c t io n  o f  P. lanceolata and  P. coronopus  was greatest 
between the p lants  grow ing on the loose and  on the m odera te ly  or strongly 
com pac ted  soils and  between the p lants  o f  the lightly and  the m odera te ly  or 
heavily t ram pled  plots.
The  reverse results which were ob ta ined  for the num bers  o f  spikes and the 
num bers  o f  seeds p roduced  by the species in the various t rea tm en ts  show 
that ,  in general,  considerab ly  fewer seeds were p roduced  per spike in the 
t ram pled  than  in the u n t ram p led  plots. These differences are ascribable  to 
the fact that  the spikes o f  the u n tram p led  plants  becam e longer than  those 
o f  the t ram pled  ones (Table  7.2 .2 .) .
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Fig. 7.2.4. Mean num bers  o f  seeds per plant p roduced  at various degrees o f  
soil com pac t ion  and tram pling  
(vertical bars indicate 2 x  S.E.)
The various t rea tm ents  also led to differences in the weight o f  the seeds 
(Table 7.2.3.) .  The  seeds o f  P. lanceolata proved to be lighter in the 
m odera te ly  and heavily t ram pled  plots than  in the un tram p led  plots with 
the m odera te ly  and strongly com pacted  soils. The reverse was found  for 
seeds o f  P. m ajor  and ,  in the heavily t ram pled  series, for P. media  seeds. 
The seeds o f  P. coronopus  were heavier in the lightly t ram pled  than  in the 
un tram pled  plots with the loose soil.
Table 7.2.2. Length of the spikes of four Plantago species at various degrees
of soil compaction and trampling (mean values in mm 1 S.E.)
NC LT MC MT SC HT
P. lanceolata 
P. coronopus 
P. major ssp. major 
P. media
34.212.3 
53.0±1.6 
41.2±9.5
17.510.9 
34.011 .4 
33.914.6
22.312.3 
2 8 . U 1 . 1  
47. U 8 . 8 
47.011.0
19.812.1 
1 3 . 0 H . 0  
24.410.5 
22.0 -
2 8 . 7 H  .8 
36.911.4
44.517.0
75.018.0
1 7 . 2 H  .4
17.611.0 
2 8 . 0 H  .1
34.0 -
NC = loose soil LT = lightly trampled
MC = moderately compacted soil MT = moderately trampled
SC = strongly compacted soil HT = heavily trampled
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TABLE 7.2.3. Mean weight (g) of 1,000 seeds produced by four Plantago species
at various degrees of soil compaction and trampling
NC LT MC MT SC HT
p. lanceolata 1.12 1 .20 1.21 0.87 1.27 0.83
p. coronopus 0.10 0.14 0.15 0.16 0.16 0.14
p. major ssp. major 0.18 0. 19 0.10 0.26 0.18 0.27
p. medi a — 0.36 0.35 0.36 0.40
NC = loose soil LT = lightly trampled
MC = moderately compacted soil MT = moderately trampled
SC = strongly compacted soil HT = heavily trampled
Discussion
In the study reported  in this paper ,  the effects o f  soil com pac t ion  alone 
and o f  t ram pling  and  com pac t ion  in com bina t ion  were investigated on the 
pe r fo rm ance  o f  four  Plantago  species. This experimental  ap p ro ach  was 
chosen because, in the field, com pac t ion  can be the result o f  t ram pling  or 
o ther  factors such as rainfall  and  f luctuations in the g ro u n d w a te r  level (e.g. 
Flegarty and  Royle 1978; Blom et al. 1979). Increasing com pac t ion  led to a 
decrease in the vertical g row th  o f  the root systems o f  all species under  
s tudy (Fig. 7 .2 .1 .) .  M any  au thors  have discussed this p h en o m en o n ,  
especially in the agricultural  l i terature (e.g. S ch u u rm an  1971; Tay lo r  1974). 
M echanical  com pression  o f  elongating roots  results in shorter  and  wider 
cells, which is p robab ly  an effect o f  endogenously  p roduced  ethylene 
(Barley 1976). Thick roots  in com pac ted  soils were also described by 
A bdal la  et al. (1969). Soil com pac t ion  may increase the internal resistance 
to water  flow within the roots  (W hite  1975). This a u th o r  suggested that  
com pac t ion  affects  the exchange o f  material  between roots  and  tops,  which 
could lead to reduced p lant  g row th .  The  experiments  presented in this 
paper  also showed that  the root  systems o f  all species were shorter  in the 
t ram pled  than  in the u n t ram p led  series. This reduced grow th  is p robab ly  
due mainly to the increased soil com pac t ion  caused by the tram pling  
regimes (see Progress  R eport  1977). T he  m ovem ent  o f  the soil particles 
under  t ram pling  can cause w ound ing  o f  the roo ts ,  which is especially likely 
in dry sandy soils. It is well know n (e.g. Barley 1976) that  af ter  w ound ing  
the endogenous  p roduc t ion  o f  ethylene increases, which in turn  results in 
b ro ad e r  and  shor te r  roots .
The  negative effects o f  com pac t ion  a lone  and  o f  com bined  t ram pling  and 
com pac t ion  on root  e longation  were the largest for P. media  and  the 
smallest for P. coronopus  (Fig. 7 .2.1.) .
The  drawings o f  the roo ting  pat terns  o f  P. m ajor  and  P. coronopus  agree 
reasonab ly  well with the values for the b iomass d is tr ibution  over the three 
succesive soil layers (See Figs. 7.2.1 and  7.2.2.) .  Between the three layers in 
the loose soil, there were only small differences in the width o f  the root
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system o f  P. lanceolata, but a increasing depth  there was a sharp  d rop  in 
the biomass o f  the roots  o f  this species, which means that  the root  density 
in the upper soil layers was much higher than in the lower ones. Increasing 
soil com pact ion  caused by the light t ram pling  regimes on the loose soils, 
also resulted in a relatively high root density for P. media  (see Figs. 7.2.1. 
and 7.2.2.).  Changes  in root density may affect the p la n t ’s ability to 
com pete  for nutrients  (Andrews & N ewm an 1970). Mineral analyses o f  
shoot and root material o f  the plants grown in the various plots will be 
made in the near future to obtain  an impression o f  the effects o f  
com peti t ion  caused by different root densities and ,  especially in case o f  
P. major  and P. lanceolata, the intermingling o f  root systems.
C o m p ared  with the un tram pled  series, light and heavy t ram pling  caused an 
increase in the shoo t- roo t  ratio  o f  P. m ajor  (Table 7.2.1.) ,  due mainly to 
the increase in the shoot biomass under  t ram pled  condit ions.  This 
surprising reaction o f  P. m ajor  is p robab ly  to be ascribed to the occurrence 
o f  root com peti t ion  in this experiment.  As can be seen in P ho tos  
7 .2 .1 a . ,b . ,  and Fig. 7 .2 .1 . ,  the large root systems o f  the P. lanceolata 
plants growing in the loose soils penetra ted  strongly into the soil volume 
reserved for P. major. This suggests that  P. lanceolata may negatively 
affect the growth o f  P. major. In the t ram pled  plots the interference 
between the roots  o f  these two species appeared  to be much smaller.
U nder  the condit ions  o f  this experiment the enhanced  root  efficiency o f  
P. m ajor  in t ram pled  soils may be ascribed, on the one hand ,  to the 
absence o f  com peti t ion  and ,  on the o ther ,  to the better water supply in 
com pacted  soils. In a recent paper  Newberry and N ew m an (1978) reported  
on the effects o f  root com peti t ion  between P. lanceolata and  some other  
species. These au tho rs  concluded ,  however, that root  com peti t ion  on a 
nu tr ien t-poor  soil may p ro m o te  the coexistence between species.
C o m p ared  with the un tram pled  series, t ram pling  had a positive effect on 
the num ber  o f  spikes o f  P. coronopus  and  P. m ajor  (Fig. 7 .2.3.) .  In the 
case o f  P. lanceolata , light t ram pling  resulted in m ore  spikes. Increasing 
com pact ion  as well as increasing tram pling  reduced the num bers  o f  spikes 
o f  both  P lanceolata and P. coronopus. A n o th e r  effect o f  t ram pling  was a 
reduction in the length o f  the spikes o f  all species (Table  7.2.2.) ,  which 
influenced seed p roduc t ion .  The  s trong reduction o f  spike length in 
P. lanceolata , even under  the light t ram pling  regime, was rem arkab le .  For 
this species and for P. m edia , mechanical dam age  under  a heavy tram pling  
regime meant that no seeds were produced  in the upper  parts  o f  the spikes. 
The effects o f  the various degrees o f  com pac t ion  and o f  the different 
t ram pling  regimes on the num bers  o f  spikes were the largest for 
P. lanceolata and P. coronopus  and  the smallest for P. m ajor  and  
P. media , as previously found for the diameters  o f  the rosettes (Blom 
1978b).
T ram pling  and com pac t ion  also influenced the weights o f  the seeds o f  the 
Plantago  species (Table 7.2.3.) .  Seeds o f  P. lanceolata were lighter at 
increasing t ram pling  intensity, whereas the weight o f  the seeds o f  P. m ajor
PROGRESS R E P O R T  1978 362
INSTITUTE FOR ECO LO GICA L RESEARCH 61
and P. media  increased under  these condit ions.  Only slight effects o f  
t ram pling  on the weight o f  P. coronopus  seeds were observed, but 
increasing com pact ion  caused an increase in the seed weight o f  this species. 
Changes  in seed weight due to different environm enta l  condit ions  were 
observed for o ther  species by Salisbury (1974). To  unders tand  the meaning 
o f  these observations,  research on the seed d is tr ibution and the germination 
capacity in relation to seed weight under field condit ions  will be necessary. 
Pre l im inary  tests indicated that the germ ination  capacity o f  seeds from 
tram pled  P. lanceo/ata and P. media  plants was lower than that o f  the 
un tram pled  individuals.
In conclusion, it can be stated that the root development o f  the species 
under  study was strongly affected by the effects o f  soil com pact ion .  The 
addit ional  effects o f  t ram pling  on the root systems were p robab ly  caused 
mainly by the increasing com pac t ion  o f  the t ram pled  soils. The shoot-root  
ratios (Table 7.2.1.)  suggest that P. m ajor  ssp. m ajor  and P. coronopus
plants have root systems which are more  effective under  t ram pled  
condit ions  than in the absence o f  trampling.
Negative effects o f  soil com pac t ion  on seed p roduc t ion  were clearly 
dem ons tra ted .  This reduction in seed p roduc t ion  must be ascribed to the 
reduced vitality o f  the plants in com pacted  soils. A direct effect o f  
t ram pling  on the seed p roduc t ion  o f  P. lanceolata,P. coronopus , and 
P. m ajor  was observed. For reasons unknow n ,  P. media  flowered very 
poorly  on the loose and m odera te ly  com pacted  soils, and  therefore ,  for the 
time being, no meaning can be assigned to the relatively high seed 
p roduc t ion  o f  this species in the strongly com pacted  and heavily trampled 
soils.
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